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(54) Organic electroluminescence multicolor display and method of fabricating the same 



(57) Disclosed is an organic electroluminescence 
multi-color display comprising a transparent electrode, a 
plurality of organic compound material layers including 
at least fight emitting layers, a metal electrode, which 
are stacked on a transparent substrate In sequence, 
respectively, and a plurality of organic electrolumines- 
cence elements comprising the light emitting layers 
made of different organic compound materials and tak- 
ing on different colors of light emission. Each of func- 
tional layers, having the same function, of the organic 
compound material layers excluding the light emitting 
layers are different in thickness corresponding to a cobr 
of emitted light 
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Description 

RArXf^RQUND TMF INVENTION 
1. Field of the Invention 
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10001, The present invention relates to ar, organic e-e— s^^^^^^^^ :;:^^:^:SS.^:^S^::^:^r 
Uanic EL rnulti^br display hereinafter) compnsing a f^^^ 

over to a process for fabricating the organic EL multi-color display. 
2 DesCTiption of the Related Art 

100021 TheorganicELe,e.entusingtheorgan.<^^^^^^^^^^^^^ 

diode characteristic of an electric '"'^^^^^^^^^ been Seveloped. The display 

of current A display panel having a pluralrty of such EL ^'^'"^'^f ^^^"^ JJ " S,Tfollowing manner. An indium-tin-oxide 
pane, includes a substrate stn^re f^^^^^e .TXTXZ^^^^^^^^ and the obtained ITO film is pat- 
(so-called ITO) film is deposited a^ a 9'^^"''f f ^fj^^'^^.^^.^ as a transparent electrode. Each organic 
lerned by means of etching, thereby an anode 3 is formed ..g^^i, compound material 

EL device 1 constituting the display P-«' J^^^™'^'^^^^ ^'^.J'^^^ deposited in this order on the 

layers 4 including a light emitting layer and a (a m^al ele^a^^^ me organic compound mate- 

anode 3 (a transparent electrode) by vacuum vapor depos,t»n 3" '^^^^^^ transport layer) and an electron- 

rtal feyer^4 . provided with a hole ^'^^^^'^^^fZ^^^ n addiSnTtl-e li'ghL.ttlng layer, 

transport-function layer (an ^l^^*'""'" J^^f^^^^^f ^^^^^^^^ EL element in which the thickness of the 

[rLe^nTaXCor^an^r^^^ are I set that the desired wavelength of the light 

obtained from the light emitting layer can have a P^^k wavelength. ^ 
10004] in the conventional organic EL e ement he h^ ess^ ,^2>ilned from the l^ht em-«ing layer can 
pound material layers are set in such a manner that the spe™ ° ^ el multi-cotor dis- 

the ITO anode in part. 
40 np i pr.T AND SU MM^RV THF INVE^f^C>N 

parent substrate; and 
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said functional layers in all of said organic electroluminescence elements are made of the same organic compound 

material. 

[0010] In a further aspect of the organic electroluminescence multi-color display device according to the Invention, 
said functional layers in all of said organic electroluminescence elements have a continuous common layer made of the 
5 organic compound material with a constant thickness, and have complementary layers made of the same organic com- 
pound material as that of said common layer and stacked on said common layer in different thteknesses corresponding 
to colors of emitted light respectively. 

[001 1] In a still further aspect of the organic electroluminescence multi-color display device according to the Inven- 
tion, said functional layers in all of said organic electroluminescence elements have a continuous common layer made 
10 of the organic compound material with a constant thickness, and have complementary layers made of organic com- 
pound materials different from that of said common layer and stacked on said common layer in different thicknesses 
corresponding to colors of emitted light respectively. 

[0012] In another aspect of the organic electroluminescence multi-color display device according to the invention, 
said functional layer is a hole transport layer stacked adjacent to the anode. 
15 [001 3] As to a further aspect of the organic electroluminescence multi-color display device according to the inven- 
tion, the device further comprises a hole Injection layer stacked in between said hole transport layer and said anode. 
[001 4] In a still further aspect of the organic electroluminescence multi-color display device according to the inven- 
tron, saw functional layer is an electron transport layer stacked adjacent to the cathode. 

[0015] As to another aspect of the organic electroluminescence multi-color display device according to the Inven- 
20 tion, the device further comprises an electron injection layer stacked in between said electron transport layer and said 
cathode. 

[0016] In a further aspect of the organic electroluminescence multi-color display device according to the invention, 
the light-emitting Interface of the light-emitting layer emitting light having a wavelength of X serving as a primary com- 
ponent, and wherein the transparent electrode side portion in the organic compound material layers is deposited to 

25 have a film thickness such that an optical distance from the light-emitting interface to the interface with the largest dif- 
ference in refractive indexes is substantially equal to even multiples of one-quarter of the wavelength X. 
[001 7] In a still further aspect of the organic electroluminescence multi-color display device according to the Inven- 
tton, the metal electrode side portion in the organic compound material layers is deposited to have a film thickness such 
that an optical distance from the light-emitting interface to an Interface bordering on the metal electrode is substantially 

30 equal to odd multiples of one quarter of the wavelength X. 

[0018] In addition, a method for fabricating an organic electroluminescence multi-color display, according to the 
present invention, includes: a transparent substrate; and a plurality of organic electroluminescence elements each 
including, a transparent electrode, a plurality of organic compound material layers including at least one light emitting 
layer and a metal electrode which are stacked in sequence on the transparent substrate, in which the organic electro- 

35 luminescence elements containing the light emitting layers made of different organic compound materials and taking on 
different cobrs of light emission, 

said method comprising the steps of: 

stacking a continuous common layer made of the organic compound material in all organic electroluminescence 
40 elements and having a constant thickness, and 

stacking at least one complementary layer In contact with said common layer at a different thickness corresponding 
to colors of emitted light, before or after the step of stacking the common layer, whereby some of functional layers, 
having the same function, of said organic compound material layers excluding the light emitting layer have different 
thicknesses corresponding to colors of emitted light respectively. 

45 

[0019] In an aspect of the method according to the invention, said transparent electrode is deposited in all of said 
organic electroluminescence elements to have a constant thickness. 

[0020] In another aspect of the method according to the invention, said complementary layer Is formed from the 
same organic compound material as that of said common layer. 
so [0021] In a further aspect of the method according to the invention, said complementary layer Is formed from an 
organic compound material different from that of said common layer. 

[0022] In a still further aspect of the method according to the Inventbn, said organic compound material la^er is 
stacked on the anode as a hole transport layer. 

[0023] In another aspect of the method according to the invention, a hole injection layer Is stacked In between said 

55 hole transport layer and said anode. 

[0024] In a further aspect of the method according to the invention, said organic compound material layer is stacked 
on the cathode as an electron transport layer. 

[0025] In a still further aspect of the method according to the invention, an electron Injection layer Is stacked in 
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hetween said electron transport layer and said cathode. 

rT. J n InnthPr .sDBCt of the method according to the invention, the light-emitting interface of the light-em.tt.ng 

rrrTatleZ'S o^^erS^i^"^^^^ ^ the invention, the metal electrode side portion in the organ. 
[0027] m a further aspect of ^l"^^^ » thickness such that an optical distance from the light-emitting 

improved light emission efficiency. 

ppipp ppcr^ piPTiniM OF T HF nRAWINGS 
20 [0030] 

FiQ 1 is a schematic cross-sectional view showing an organic EL element; . , ^. , ,,„„ ,„ ^„ 

Rg 2 a schTr^atK, partially cross-secttonal view showing an organic EL multi-color display according to an 

F^st^rA-^^^^^^ cross-sectona. views each showing an organ. EL mu«i-co.or display 

SodT^t ^1^^^^^^^^ EL muLtor display according to the embodiments of the present .nven«on. 

l^'^tATl^sectional view showing the organic EL element of the present invention; 

; 5 a sSS Z Showing the rejection at a transparent electrode sWe portion in the organ. EL element 

ng'teTatrn^v^ 

present invention; . ^ « 

Pin 1 7 k a cross-sectional view of an organic EL element fabricated for a test, , k 

S^eiLgSS^ngthecharacterist^ of the external quantum efficiency in r^^^^^^^^ 

f««er^/^r^ lavAr of an oraanic EL element according to the present invention; 

m Tl a?4pSng m^sp^^^^^ Of an organic EL element according to the present invention; and 
Rgs 'J and ?.^e^^^^^^^^ partially cross-sectional views each showing a fabricated example of an organic EL 
40 multi-color display panel according to the present invention. 

f ^P T ^I I p p p pQr. piPTiniM OF T"P pRPFPRRED Ft^BOPlMSNTS 

[0031] Embodimentsof an organic ELelement and the method for fabricating the element, according to the present 

ZT' r.lT^'^ZZTZl'^^-o^^r d.play is explained in which the hole transport layer . 
K from a climmoTorganfc .iompound material as the organic compound material layers irrespeCve of colors of 

IS ''^11 o'^anictTulti-color display shown in F'^. 2 comprfees a plurality of organic EL elements. Each o^e 

Erm;r=^^^ 

TnS^ in a,Mlllo». ««e is pm«l*d a aaallnj Jim (.v.! sh«™) ™* «. SIM, on th. lad™* 5, 
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colors of emitted light of blue, green, and red, and for example has a plurality of these pixels arranged in a matrix. 
[0035] The hole transport layer common layer 42a is a common layer made of the same material as used for that 
of all adjacent organic EL elements and having a constant continuous thickness. The hole transport layer complemen- 
tary layers 42G, 42R are made of the same organic compound material as that of the hole transport layer common layer 
5 42a. The hole transport layer complementary layers 42G, 42R are stacked on the common layer 42a independently and 
individually with each having a different thickness of film corresponding to each color of emitted light of green and red. 
The thickness of film of the hole transport layer common layer 42a is set to the thinnest thickness corresponding to the 
emitted light color of blue of the light emitting layer 43B. 

[0036] By the combination of a complementary layer and the common layer, each hole transport layer is to have a 
10 different thickness of film corresponding to each color of emitted light (wavelength X). That is, in the organic EL ele- 
ments, any one of the functional layers of the organic compound material layers, excluding the light emitting layers and 
having the same function, has a different thickness of film con-esponding to the color of emitted light. Therefore, the set- 
ting of the thickness of the film of the hole transport layer, the common layer 42a, and the hole transport layer comple- 
mentary layers 42G, 42R enables defining the optimum position of the light emitting layers for obtaining each of the 
IS colors of emitted light. Accordingly, this enables forming the transparent electrode 3 of all organic EL elements in a con- 
stant thickness without the necessity to change the thickness thereof. 

[0037] Furthermore, in the aforementioned embodiment, the hole transport layer complementary layers 42G, 42R 
are formed from the same organic compound material as that used for the hole transport layer common layer 42a. How- 
ever, as a second embodiment, the hole transport layer complementary layers 42G, 42R may be made of materials dlf- 

20 ferent from that of the hole transport layer common layer 42a, respectively. That is. different hole transport organic 
compound materials may be used to form each of the light emitting layers 438, 43G, 43R of three colors of emitted light. 
[0038] As a third embodiment shown in Fig. 3, such an organic EL multi-color display may be employed that has a 
hole injection layer 41 stacked in between the hole transport layer common layer 42a and the ITO anode 3 and other- 
wise has the same configuration as the aforementioned embodiment. 

25 [0039] In addition, as a fourth embodiment shown in Fig. 4, such an organic EL multi-color display may be 
employed that has the hole injection layer 41 stacked on the transparent electrode 3 as a common layer, on which the 
hole transport layer complementary layers 428, 42G, 42R, each having a different thickness and made of the same 
organic compound material, are stacked, and has othenwise the same configuration as the aforementioned embodi- 
ment. Moreover, such an organfc EL multi-color display may be employed that has the hole transport layer complemen- 

30 tary layers 426, 42G, 42R, having a different thickness and made of different materials, stacked on the common layer 
of the hole injection layer 41 and othennfise has the same configuration as the aforementioned embodiment 
[0040] Furthermore, as a fifth embodiment shown in Fig. 5, such an organic EL multi-color display may be 
employed ttiat has each of electron transport layers 448, 44G, 44R, stacked in between each of the light emitting layers 
438, 43G, 43R and the metal electrode 5, and otherwise includes the same organic EL elements with a three layer con- 

35 figuration as the aforementioned embodiment. In a modified example of the fifth embodiment, such an organic EL multi- 
color display may be employed that has an electron lnjectk)n layer Is stacked In between tiie electron transport layers 
448, 44G, 44R and the metal electrode 5, and othenAftse is the same as the aforementioned embodiment. 
[0041] Moreover, the aforementioned embodiment employs the transparent electrode 3 comprising ITO or the like 
as the anode and the metal electrode 5 as the cathode. However, in a sixth embodiment, as shown In Fig. 6, such a 

40 configuration can be employed that the transparent electrode 3 comprising ITO or the like is used as the cathode and 
the metal electrode 5 as tiie anode, with a functional layer stacked In between the electrodes. That is, such an organic 
EL mutti-oolor display may be employed In which an electron transport layer common layer 44a made of an organk: 
compound material is stacked on the transparent electrode 3 on ttie transparent substrate 2, while an electron transport 
layer comprising electron transport layer complementary layers 44G, 44R made of an organic compound material, the 

45 light emitting layers 438, 43G, 43R made of an organic compound material, and the hole transport layers 428, 42G, 
42R corresponding to the materials of the light emitting layers are stacked in sequence in the respective predetermined 
positions. 

[0042] Furthermore, as a seventh embodiment shown in Fig. 7, such an organic EL multi-color display may be 
employed that has an electron Injection layer 45 is stacked In between ttie electron transport layer comnrron layer 44a 

50 and the ITO cathode 3, and is otherwise the same as the aforementioned sixth embodiment. In the modified example 
according to the seventh embodiment, the electron injection layers 45 may be formed from the same material and inde- 
pendently as well as may be formed as a common layer. Furthermore, in the aforementioned sixth and seventh embod- 
iments, a hole transport layer is stacked in between each of the light emitting layers 438, 43G, 43R and the metal 
electrode 5, however, such an organic EL multi-color display may be employed that excludes the hole transport layer 

55 but includes an organic EL element having a two-layer configuration. 

[0043] Still furthermore, in addition to the first embodiment of Fig. 2 showing the element of the two-layer configu- 
ration made of an organic compound material. Fig. 20 shows an eighth embodiment. The organic EL multi-color display 
having a three-layer configuration may be employed in which the electron transport layer complementary layers 448, 
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44G are stacked on the two-layer configuration made of an organic compound material of Fig. 2. that is, on the light 
enSting lay^;^3B ISg macS^of an o^ante compound material, respecf.ely. and further the electK,n transport layer 
common layer 44a made of an organic compound material is stadced thereon. 

ro0441 Next the fabricating process of a display panel of the organic EL multi-color display is explained. 
S« as shown in Fig 8, the B, G, and R transparent electrodes (anodes) 3 made of ITO are extended .n 

S to a d Jmi on the g.L substrate 2. respectively. After an ITO transparent layer is deposited by sputter.ng 
o? S the ITi tS,sparent layer patterned into the electrodes 3 with a constant thickness by means of etching or 
Like The drawing shows lines defining the ITO layers, and a metal having a low resistivity such as Al may be further 
sta^d IJthetTOTaJrs. Moreover, on L substr^^^ 

IS layer such as made of polyimide may be deposited which has an opening for exposing the transparent elec^c^e 
f in o rto a low a light em?tin'g layer Including a light emitting organic electroluminescence -te-l to b^^^^^ 
worker, a plurality o? ribs, made of photosensitive polyimide, for patterning cathode lines may be pK>vided in parallel 
tn pach other orthoaonal to the transparent electrode lines 3. . . .u i « 

Sm^ NextTsSown In Fig. 9. the hole transport layer common layer 42a Is deposited entirely to ^ver the glass 
f^L 2 and\retrspLnt electrode 3 by means of the vacuum vapor deposition or the like. In addrtion prior to 
?he dSosLn o, t^^^ hole transport layer common layer 42a, a process may be added in which the hole Injection layer 
TdeTSl m^traSsparent e^^^^ 3 to dispose the hole Injection layer In between the hole transport layer and 

KmT^' Next as shown in Fig. 10. on the upper portion corresponding to the predetermined transparent electrode 3 
K hole trans^ rt layer common layer 42a. a blue light emitting organte EL medium of B G. and R ^ depos'ted '^^^ 
predetermined thickness to form the light emitting layer 43B. using a predetermined light emitting layer depositon 

SSil Next, as shown in Rg. 11, the opening of the light emitting layer deposition mask is "'°^,«'*to *e upper f«r^ 
aonSrresponding to the subsequent transparent electrode 3 on the hole transport layer common 'aV^ *2a^Then. *e 
holefransiSrt layer complementary layer 42G suitable as a green light emitting organic EL medium of B. G. and R is 
Se^^Sd!^ndS~thereon. the green l^ht emitting o^ante EL med'^m is deposited in a predetermined thK^kness 

portion corresponding to the subsequent transparent electrode 3 on the hole fransport ayer common 'y^e^ 42a. Jhen 
L hole transport layer complementary layer 42R suitable as a red l^ht emitting organic EL medium of J G. ^nd R b 
dI,S t^ andfurtfir thereon, the red light emitting organic EL medium is deposited in a predetermined thickness to 
Kr^ight emitting layer 43R. Here, the hole transport layer complementary ^yers 42G, 42R are to be depos ed 
using organic compound materials different from each other, however, these complementary layers can be deposited 
using the same organic compound material as the hole transport layer common layer. 

roosol Next ^ shown in Fig. 13, the deposition mask is removed and a metal having a low work function such as 
S u i deposited on the light emitting layers 43B, 43G, 43R of the tt.ree types of ''^•-f ? ^^-^^^^y^^^ 

0 vapor deposftton. sputtering or tt,e like into the cathode metal electrode 5. The metallic film may ^'^^f^^^ 

1 po^lble unless the thickness thereof would not cause trouble. The processes described above make It possible to 
fabricate ttie display panel of the organk: EL multi-color display according to the embodiment. . ^....tho 
S 'n the pJoSesses of the embodiments shown in F^. 8 through Rg. 13. sue an explanation give" 
organfc compound material layer sandwiched by both electrodes has the two-layer configuration In which ttie hole frans- 
p^rt ayeT^mmon layer, the implementary layer, and the l^ht emitting layer are stacked In that H^««^^^^^^^^^^ 
case where the hole transport layer complementary layer is deposited using the same organic compound material as 
^t ome hite t^nsport te^er common layer, such a two-layer configuration may be employed in which the hole trans- 

ter «Snp eme^^^ lU the common layer, and the light emitting layer are stacked in that °^d^r^T^^^^^^^^ 
Sr after the common layer stacking process for stacking the common layer, the complementary layer m contact with the 
common layer may be stacked in a different thickness corresponding to each of the cotors of emitted light. 
S The present invention can employ not only the aforementioned organte EL elemente of the ^^^^^ 
uration but also a three-layer configuration in which the electron transport layer Is stacked further on *e fllj emU^^^^^ 
I laver In this case a process (Rg. 13) for depositing the electron transport layer on tiie light emitting layers 438 43G. 

ting L*Ce me^eSon tie'ght emtttinj layer, both of whteh are according to the embodiments show, in 
Fig 8throughFig.13. Furthermore, the electron injection layer may be disposed in between ttieelectrontr^^^^ 
and the cathode by adding a process for depositing the electron injection layer on tt.e electron transport layer after the 
; electron transport layer has been stacked. ,,u-.i,«i«trane 
10053] AS such. acco«ling to the present invention, at least one organic compound material layer of the hole Irans- 
Srt functional laye (hole Injection layer, hole transport layer) on the anode side and the electron transport functiona 
£er (the electron in ection ayer. tt,e electron transport layer) on the cathode side. boOi of which sandwich the light 
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emitting layer is deposited in two or more processes for the common layer and the complementary layer in order to 
adjust the thickness of the complementary layer of an organic compound material layer. This makes It possible to 
improve the external light emission efficiency, however, the setting of the thickness of the common layer and the com- 
plementary layer requires the setting the thickness of the organic compound material layer of the following settings (a) 
5 on the cathode side and (b) on the anode side. 

(a) Setting the optical film thickness on the cathode side (the light emitting layer, the electron transport layer) 

[0054] First, on the precondition that the ITO and the hole transport layer have a constant thickness, the thickness 
10 of the organic compound material layer on the cathode side is adjusted to obtain the desired light emission spectrum. 
This Is done to minimize the attenuation cause by Interference since a largest amount of reflected light from the cathode 
side is found at the light emission boundary. In the case where the light emitting layer has a guest/host configuration, 
the dope of the guest material (the portion that emits light) is adjusted to the desired value. Normally, In order to maxi- 
mize the intensity of light emission, the primary reflected light at the cathode is made In phase with the emitted light at 
15 the light emission boundaries (at the position where the emitted light takes on a peak intensity within the light emitting 
layer). 

(b) Setting the optical film thtekness on the anode side (hole transport layer) 

20 [0055] Adjustment of the thickness of the hole transport layer would vary the spectrum of the emitted light. Here- 
upon, with the thickness of the film on the cathode side being fixed to the setting, the thickness of the hole transport 
layer Is set so that light is emitted to the desired amount. At this time, the thickness of ITO is made constant The char- 
acteristics may be determined so that the desired wavelength takes on a peak value in the case of the organic EL multi- 
color display, whereas the organic EL full-color display requires well-balanced setting in consideration of harmony of the 

25 three colors. 

[0056] Making the hole transport layer thicker would cause the current to luminance intensity (l-L) characteristic not 
to be varied, however, the voltage to luminance intensity (V-L) characteristic to deteriorate. By making use of this nature, 
it is possible to make the drive condition the same for each of the colors. The settings (a) and (b) of optfcal film thickness 
described above, are can-led out In that order on each of the R, G, and B organic EL elements. 
30 [0057] Next, there are explained the optical film thickness and method for emitting light predominantly composed of 
the desired wavelength X from each of the organic EL elements. 

[0058] It has been known that the distribution of light emission intensity within the light emitting layer of the organic 
EL element is strong on the boundary surface, wherein the hole transport layer and the like are placed, close to the 
transparent electrode, and decreases with decreasing distance to the metal electrode, on which the electron transport 
35 layer and the like are placed. That Is, it is known that the distribution is an exponential distribution with respect to the 
film thickness of the light emitting layer, and that the Interface ctose to the transparent electrode is the light emitting 
interface having the peak in light emission intensity. 

[0059] As shown In Fig. 14, in the organic EL element 1 having a staicture wherein the ITO transparent electrode 
3, a plurality of organic compound material layers 4 including the light emitting layer, and the metal electrode 5 are 
40 deposited in this order on the glass substrate 2, the organk: compound material layers are partitioned with the light emit- 
ting Interface 10 of the light emitting layer into the transparent electrode side portion 4d and the metal electrode side 
portion 4D. 

[0060] In the organic EL element 1 , the interface between the metal electrode 5 and the organic compound material 
layer 4D can be regarded as a total-reflecting interface. Accordingly, light traveling from the light emitting interface 1 0 of 
45 the light emitting layer to the metal electrode is totally reflected and goes through the light emitting interface 1 0, thereby 
to contribute to external light emission. As a matter of course, most of the light traveling to the transparent electrode 3 
contributes to external light emission. 

[0061] On the other hand, because the refractive index difference between the glass substrate 2 and the transpar- 
ent electrode 3 is much larger than the differences between other adjacent layers, the interface having the largest 

50 refractive index difference in the transparent electrode side portion acts markedly as a reflecting interface. The refrac- 
tive indices of materials used for fabrication of the organic EL element are as follows: the organic compound material 
layers 4d and 4D are about 1 .8; ttie ITO transparent electrode 3 is about 2.0; and the glass (soda-lime glass) substrate 
2 Is about 1 .5. Therefore, the difference of refractive index Is 0.2 between the organic compound material layer 4d and 
the ITO transparent electrode 3, and the difference of 0. 5 between the glass substrate 2 and the transparent electrode 

55 3. The difference of refractive index between the glass substrate 2 and the transparent electrode 3 is largest in the 
transparent electrode side portion. In the case of the light traveling from the light emitting interface 10 of the light emit- 
ting layer to the transparent electrode 3 and coming back to the light emitting interface 1 0, the small difference between 
the organic compound material layer 4d and the transparent electrode 3 is neglected, and the largest refractive Index 
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2nd-2(norgdorg + "iTod|To) 

the following formula: 

2(no,gdorg + n.TOdno)-j • >■ ••(norgdorg +"nod.To)-2j • 
, i-teoer of 1 or more When the total film thickness of the organic compound material layer 4d 

length of the optical path can be expressed by 2 t^D . As sh°wn in F^_i e, wnen r g k 

can be expressed by the following formula: 

2 nD = [(2j - 1)/2] X A nD = [(2) - 1)/4] X 



so 
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[0085] In the case of fabrication of organic EL elements, as the first forming step of the organic compound material 
layer, the transparent electrode side portion of the organic compound material layer is formed on the transparent elec- 
trode formed on the light-transmitting substrate by depositing one or more of the organic compound material layers, 
other than the light emitting layer emitting a light having a wavelength of X and serving as a primary component, which 

5 have a film thickness such that the optical distance from the light emitting interface of the light emitting layer to the inter- 
face having the largest refractive index difference is approximately equal to even multiples of one quarter of the wave- 
length of X. Subsequently, as the second forming step of the organic compound material layer, the metal electrode side 
portion of the organic compound material layer Is formed on the transparent electrode side portion of the organic com- 
pound material layer by depositing the light emitting layer and the remaining portion the organic compound material 

10 layer such that the light emitting layer and the remaining portion have a film thickness wherein the optical distance from 
the light emitting interface of the light emitting layer to the interface on the metal electrode Is approximately equal to odd 
multiples of one quarter of the wavelength of X, and then the metal electrode is formed on the metal electrode side por- 
tion of the organic compound material layer. 

[0066] Since the element has the foregoing structure, as the film thickness of the organic compound material layer 
15 is gradually increased, the film thickness wherein the phases in the above described light-traveling routes agree with 
each other appears one after another. In particular, as the film thickness is increased, the element demonstrates the 
maximum and minimum values in the light emission efficiency characteristics with respect to the film thickness of the 
transparent electrode side portion of the organic compound material layer. In other words, the light emission efficiency 
characteristics depend on the total film thickness of the organic compound material l^ers of the transparent electrode 
20 side. 

[0067] For example, as shown in Fig. 14, a plurality of organic EL elements were fabricated in which the transparent 
electrode (anode) 3, the hole transport layer 42, the light emitting layer 43, and the metal electrode (cathode) 5 are 
deposited in that otder on the substrate 2, in which those layer are made of a material (in a thickness) of ITO (1 00 nm 
or 175 nm), TPD (40 - 200 nm). aluminum oxine chelate Ak^3 (60 nm). and aluminum lithium alloy At-Li respectively. 
25 Each of the elements having hole transport layers different In thickness as such was subjected to the measurement of 
the external quantum efficiency of the organic EL element and the EL spectrum. 

[0068] Fig. 18 shows the relationship between the thickness of the hole transport layer that is a part of the organic 
compound material layer and the external quantum efficiency of the organic EL element. The plot with the horizontal 
axis representing the thickness of the hole transport layer and the vertical axis represeriting the external quantum effi- 

30 clency shows that the efficiency Increases and decreases periodically as shown in Fig. 1 8 with respect to a transparent 
electrode of the same thickness (100 nm or 175 nm). In Fig. 18, two types of transparent electrodes 100 nm and 175 
nm in thickness are plotted with the curves of a dotted line and a solid line, respectively. As for the relationship between 
both curves, the curves have the same period of an increase and decrease but are about half the period out of phase 
with each other. This is because the difference in thickness (75 nm) between the two types of transparent electrodes is 

35 optically an odd multiple of half the wavelength of the peak wavelength (520 nm) of the EL spectrum, so that the 
strengths of interference are 1 80** out of phase with each other. Moreover, when the stepped difference in refractive 
index between the transparent electrode and the organic compound material layer is large, the difference in amplitude 
between both curves Is considered caused by the effect of the reflection from this boundary surface. 
[0069] Varied is not only the intensity efficiency of the EL but also the light emission spectrum. Fig. 1 9 shows three 

40 types of EL spectra of organfe EL elements fabricated. The solid line represents the spectrum of the organic EL element 
1 75 nm in the thickness of the transparent electrode, while the dashed line represents the spectrum of the organic EL 
element 1 00 nm in the thickness of the transparent electrode. The curves are so normalized that the maximum peak of 
the spectmm takes on 1 .0. Excluding the film thickness of the transparent electrodes, the fcxjth are completely the same 
to each other, however, it can be found that the spectaim of the organic EL element 1 00 nm in the thickness of the trans- 

45 parent electrode is broader than that of the organic EL element 175 nm in the thickness of the transparent electrode 
and the color varies in accordance with the film thickness of the transparent electrode. 

[0070] The curve shown by a dotted line in Fig. 1 9 was obtained by adjusting the film thickness of the hole transport 
layer to make the optical distance between the light emitting surface and the boundary surface between the glass and 
transparent electrode the same as that of the element represented by the solid line. Specifically, the difference of 75 nm 
50 in film thickness between the transparent electrodes was compensated by making the hole transport layer thicker by 80 
nm. The dotted line and the solid line show substantially the same spectrum and the elements were made possible to 
be fabricated without varying the colors thereof. 

[0071] The correction off the film thickness of the transparent electrode by varying the thickness of the hole trans- 
port layer allows the optical configuration to be assumed the same, so that the efficiency of light emission can be made 
55 equal. However, when the reflection on the boundary surface of the transparent electrode and the hole transport layer 
exerts an effect, the peak value of the maximum efficiency possibly varies depending on the thickness of the ITO trans- 
parent electrode In some cases. 

[0072] As can be seen from the results described above, the distance between the substrate and the boundary sur- 
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face of light emission can be varied without changing the efficiency and colo^ by optimizing the optical film thickness 
oTthe hSe transport layer with the transparent electrode being kept constant m film th«kness. 

F rthermore, when a muiti^olor light emitting portion is fabricated on -XTm^;So^^^^^^^^^^ 

assumed and the results are shown in Table 1. 



Table 1 



20 



25 



30 



35 





Transparent electrode 
[Material/ thickness(nm)] 


Hole transport layer 
[Material/ thickness(nm)] 


Light emitting layer 
[Material/ thlckness(nm)] 


Electron transport layer 
[Material/ thlckness(nm)l 


B 


ITO/100 


TPD/70 


PC-7 "/30 


Alq/20 


G 


ITO/100 


TPD/70 


Alq/60 


R 


ITO/100 


TPD/70 


Alq : DCMV40 


1 Alq^30 
nothvi . 6 fD - dimethvl ami- 



• 0.8% by volume of DCM was c 
ostyr^ 
•PC-: 



""^Sirta'lSs for'bte (2 . methyl - 8 - quenolilale) (para - phenyl-phendale) aluminum (III). 



rno76l Next the film thickness of the optical film of the hole transport layer on the anode side of the aforementtoned 
desired amount of light to be emitted. The results are shown in Table 2. 



Table 2 



Light emitting 
layer 



Thickness (nm) 



Organic com- 
pound material 



Peak wavelength 
(nm) 



TPD common 
layer 42a (nm) 



TPD common 
layer (nm) 



45 



so 



43B 

43G 
43R 



30 
60 
40 



PC-7 " 
Alq 

Alq : DCM* 



480 
530 
620 



40 
40 
40 



20(42G) 
45(42R) 



stands for 4 - (dicyano methylene) - 2 - methyl • 6 (p • dimethyl amlnos- 



' 0.8% by volume of DCM was doped into Alq. DCM ! 
-Vc'is^aZ^ bis (2 - methyl - 8 • quenolilale) (para - phenyl-phenolate) aluminum (ill). 



[0077] Table 3 



shows the speciflcattons of the organic EL multicolor display that was fabricated 
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Table 3 



5 




Transparent elec- 
trode (3) [Mate- 
rial/th lckness(nm)] 


Hole transport layer 
common layer(42a) 
[Material/ thickness 
(nm)] 


Hole transport layer 

complement ary 
layer [Material/ thicl^- 
ness (nm)] 


Light emitting layer 
[Material/ thicl^ness 
(nm)] 


Electron transport 
layer [Material/ thick- 
ness (nm)] 




B 


ITO/100 


TPD/ 40 




PC-7-V30 (43B) 


AIq/20 (448) 


10 


G 


lTO/100 


TPD/ 40 


TPD/20(42G) 


Alq/60 (43G, 44G) 




R 


ITO/100 


TPD/ 40 


TPD/45(42R) 


Alq : DCMV40 (43R) 


Alq/SO (44R) 



* 0.8% by volume of DCM was doped into Alq. DCM stands for 4 - (dicyano methylene) • 2 - methyl - 6 (p • dimethyl aminos- 
tyryl) - 4H • pyran. 

*• PC-7 stands for bis (2 - methyl - 8 - quenotilate) (para - phenyl- phenolate) aluminum (III). 



Claims 

1 . An organic electroluminescence multi-color display device comprising: a transparent substrate; and 

20 

a plurality of organic electroluminescence elements each including, a transparent electrode, a plurality of 
organic compound material layers including at least one light emitting layer and a metal electrode which are 
stacked in sequence on the transparent substrate, 

wherein the organic electroluminescence elements comprising the light emitting layers made of different 
25 organic compound materials and taking on different colors of light emission, and 

wherein some of functional layers, having the same function, of said organic compound material layers exclud- 
ing the light emitting layer have different thicknesses corresponding to colors of emitted light respectively. 

2. An organic electroluminescence multi-color display device according to claim 1, wherein each of said transparent 
30 electrodes in all of said organic electroluminescence elements has a constant thickness. 

3. An organic electroluminescence multi-color display device according to claim 2, wherein saki functional layers in all 
of said organic electroluminescence elements are made of the same organic compound material. 

35 4. An organic electroluminescence multi-color display device according to claim 2, wherein said functional layers in all 
of said organic electroluminescence elements have a continuous common layer made of the organic compound 
material with a constant thickness, and have complementary layers made of the same organic compound material 
as that of said common layer and stacked on said common layer In different thicknesses corresponding to colors of 
emitted light respectively. 

40 

5. An organic electroluminescence multi-color display device according to claim 2, wherein said functional layers in all 
of said organk: electroluminescence elements have a continuous comnfion layer made of the organic compound 
material with a constant thickness, and have complementary layers made of organic compound materials different 
from that of said common layer and stacked on said common layer In different thicknesses corresponding to colors 

45 of emitted light respectively. 

6. An organic electroluminescence multi-cotor display device according to claim 4. wherein said functional layer is a 
hole transport layer stacked adjacent to the anode. 

50 7. An organic electroluminescence multi-color display device according to claim 6 further comprising a hole injection 
layer stacked in between said hole transport layer and said anode. 

8. An organic electroluminescence multi-color display device according to claim 4, wherein said functional layer is an 
electron transport layer stacked adjacent to the cathode 

55 

9. An organic electroluminescence multi-color display device according to claim 8 further comprising an electron 
injection layer stacked in between said electron transport layer and said cathode. 
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indexes is substanUaily equal to e«n multiples of one-quarter of the wavelength X. 
pies of one quarter of the wavelength "L 



sion. 



20 



25 



:rarg~r?^'^^^^^^^ -de of the organ, compound .ate.a, in all organic eiectro.u.ines- 

S ng to colors of emitted light, before or after the step of stacking the common '^V^^ ^'^^^^.X' ? 
SSal VasSs. having the same function, of said organic compound material layers excluding the light emit- 
^aSe'^ different thicknesses corresponding to colors of emitted light respectively. 

13. A method according to claim 1 2. wherein said transparent electrode deposited in all of saW organic electrolumi- 
nescence elements to have a constant thickness. 
30 14. A method according to claim 13. wherein said complementary layer Is formed from the same organic compound 
material as that of said common layer. 

15. A method according to claim 1 3. wherein said complementary layer b formed f«>m an organic compound material 
different from that of said comnrwn layer. 

1 6. A method according to claim 1 2. wherein said organic impound material layer Is stacked on the anode as a hole 
transport layer. 

17. A method according to dalm 16. wherein a hole injectton layer is stacked In between saW hole transport layer and 
40 said anode. 

18. A method according to claim 12. wherein said organic compound material layer is stacked on the cathode as an 
electron transport layer. 

.5 19. A method according to dalm 18. wherein an electron injectton layer staged in between said electron transport 
layer and said cathode. 

tiples of one-quarter of the wavelength X. 

^Sring on the metal electrode is substantialV equal to odd multiples of one quarter of the wavelength X. 

22. A method according to claim 12. wherein sad organic compound material layer and said metal elect«,de are 
Stacked by vapor deposition using a mask. 
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FIG. 20 
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